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Previous studies revealed that the filaments of cyto-
keratin express different antigenic sites in the basal and 
suprabasal cell compartment of the skin and oral mu-
cosa. It has been demonstrated that the keratin polypep-
tide subunit of molecular weight 67,000 dalton (67K) is a 
valuable marker of the suprabasal cells, since the normal 
basal cells remain unlabeled by antibodies against this 
large polypeptide. 
In the present study, the distribution of the 67K poly-
peptide has been investigated on human and guinea pig 
keratinocyte suspensions, purified basal cells of guinea 
pigs, normal human abdominal skin and normal human 
buccal mucosa, using the indirect immunoperoxidase 
method. 
The results of this investigation confirmed ultrastruc-
turally that the 67K-antigen expression is lacking in the 
epidermal basal cell compartment. However, it could be 
shown that 67K polypeptide is a component of the tono-
filaments in the upper Malpighian cell layers of the skin 
and oral mucosa. 
These observations suggest that keratinocyte differ-
entiation is accompanied by modifications of antigenic 
determinants of the keratin filaments. 
Numerous, sometimes controversial, electron microscopical 
and biochemical investigations have been carried out to clarify 
the structure and ch emical character of fibrils and organelles in 
epithelial cells [ 1-7). 
Epithelial cells of the skin and oral mucosa ar e known to 
contain keratin polypeptides of different subunits which are 
usua lly present as intermedia te-sized filaments of about 80 A in 
diameter [7- 15]. 
R ecently, specific immune sera against puTified keratin frac-
tions obtained from human stratum corneum h ave been induced 
in guinea pigs [14,15]. 
These a ntisera have been used to examine the distribution of 
interm ediate-sized filaments of the cytokeratin-type in human 
t issues of the epidermis and oral mucosa by light microscopy, 
by immunofluorescence, and the indirect immunoperoxidase 
method [8,13-15]. The immunoenzymatic method permits the 
local ization of subcellular sites [16-18]. In preliminary s tudies 
on isolated keratinocytes, it appeared that 2 keratinocyte sub-
popu lations can be immunologically distinguished by an anti-
serum against a keratin polypeptide of 67K [14]. Among nu-
merous intens ively labeled keratinocytes there were some neg-
ative ceils which contained melanosomes and tonofilaments 
[14]. The nonlabeled keratinocytes h ave been thought to belong 
to the basal cell layer because this layer could never be stained 
by 67 K -antibodies on light microscopy [14]. 
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The a im of this study is: (1) To examine in situ the in tracel-
lular distribution and organization of 67 K-bearing tonofila-
ments in normal human tissues of the epidermis and oral 
mucosa. (2) To compare th e network of intermed iate-sized 
filaments of the cytokeratin-type of t he skin and oral mucosa. 
(3) To e lucidate the hypothesis of antigenic differences between 
t he basal cell layer and the upper Malpighian cell layers. 
This investigation has been performed on tissue specimens, 
on total keratinocyte and separated basal cell suspensions, us ing 
the indirect immunoperoxidase technique [14,16-18]. 
MATERIALS AND METHODS 
Antigen Preparation 
Keratin proteins were isolated according to the method of Baden 
and Lee [19]. The modifications of this method here applied were 
published elsewhere [14]. The fibrou s proteins were analyzed by SDS 
polyacrylamide gel electrophoresis as described by Laemmli [20l 
Antibody Preparation 
Keratin proteins purified from human stratum corneum (150 J.lg) 
were emulsified with Freund's complete adj uvant and injected in tra-
peritoneally in adult female Hmtley gu inea pigs (400 g), using a method 
previously described [21]. Keratin polypeptide antibodies were ob-
ta ined according to a recently published procedure [22]. The immune 
sera were absorbed wi th hu man erythrocytes and liver powder [23). 
There was no cross reactivity of immune sera with human serum 
albumin. The 67K antiserum labeled the cytoplasmic ant igen of kera-
tinocytes of the upper layers of human epidermis only whereas the 
basal layer remained unstained [15]. The specifity of this serum was 
controlled by both light and electron microscopy [14 ,15]. 
Preparation of Total Human Keratin.ocyte Sw;pensions 
Free epidermal cells were obtained fi·om normal human skin samples 
after trypsinization according to the technique described by Regnier, 
Delescluse, and Prunieras [24]. The samples were obtained using an 
electrokeratome (Castronejo type) and incubated at 37°C with 0.5% 
trypsin in phosphate buffered saline in order to obtain the dermal-
epidermal separation. The cell suspension was filtered tluough a mil-
lipore gr id and centrifuge for 10 min at 800 g. -All cell suspensions 
contained more than 90% viable cells as verified by trypan blue exclu-
sion . The final concentration of cells was adjusted to 20 X 10,; cells per 
ml for electron microscopy. 
Preparation. of Guinea Pig Epidennal Cell Suspensions 
Epidermal cell suspensions were kindly provided by Dr. M. Regnier 
(Fondation Adolphe de Rothschild, University of Paris VII, France. 
Director: Prof. M. Prunieras). The procedure described by Prunieras 
Regnier, and Schlotterer [261 and Prunieras [25] was used to purify the 
basal cell compartment. The enriched basal cell suspension conta ined 
ab?ut 15% of mature keratinocytes. 2 X 10,; basal cells per ml and 7 x 
10'' mature cells per ml were used for the immunoenzymatic stainings. 
Preparation of Epidermal Tissues 
Human abdominal epidermis was obtained in the Dermatological 
Depart~ent of the EeL Herriot Hospital/Lyon (Prof. J. Thivolet), using 
a techmque first descnbed by Kiistala and Mustakallio (suction blister 
27). ~fhis method causes separation of epidermis and dermis by dis~ 
ruptmg the dermo-ep1dermal junction. The basal lamina remains on 
the dermal site. The roof of the blister, i.e., the separated epidermis, 
was removed, cut into small strips of approximately 1 mm in diameter, 
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fixed in 3% paraformaldehyde in 0.1 M phosphate buff: r (pi-1 7.~) for 4 
h r at 4 oc and then washed overnrght 111 phosphate buffered sahne. 
P rep aration of Mucosal Tissues 
Human nonkeratinized mucosa (buccal region) was obtained in the 
Department of Maxillo- Facial Surgery of the Ed. I-lerriot Hospital 
(Prof. Dumas). One mm samples were similarly fixed and processed as 
the skin specimens. 
Immunoenzymatic Stainings 
Keratinocyte suspensions and tissue specimens were labeled by the 
fo llowing procedure [8,14,16-18]. 
1. P rimary specific antiserum (anti-67K from guinea pigs), dilu tion 
l/50, 3 hr. 
2. Peroxidase labeled goat antiguinea pig immune serum (Nordic) 
dilu t ion 1/ 20, 2 hr. 
3. Fixation wi th 2% glu tru·a ldehyde in cacodylate buffer, 30 min. 
4. DAB-reaction (3.3 ' diaminobenzidine, Sigma) 20 min. 
5. Postfi xation wi th osmium tetroxide, 20 min. 
After each step, the cells and tissues we re centrifuged for 10 min at 
800 g to improve the penetration of immune sera and fixatives. At stage 
1 2 and 4, the samples were incubated at 37°C. Cells and tissues were 
thoroughly washed in phosphate buffered saline after step 1, 2 and 4 
and in Tris I-ICl buffer (pi-1 7.6) after step 3. The mate rial was dehy-
drated and embedded in epoxy medium. Thin and thick sections were 
cut wi th either glass or diamond knives on a Reichert Om-U2 ul trami-
crotome. The grids were examined with a Philips EM 300 at 40 and 60 
K V wi thout contrast and at 80 KV after staining wi th 3% uranyl acetate 
and lead citrate at pl-1 12. 
Con trol Studies 
Pre-immune guinea pig serum was used instead of the primary 
ant iserum as a control (14,15). 
Fwt her controls were made using different keratin polypeptide 
antisera wi th established staining properties for the basal cell layer 
(14 ,15] and diffe rent primary immune sera: anti-actin (kindly provided 
by Dr. Gabbiani, Genev~) anti-human thymus-lymphocyte antigen 
(anti-I-ITLA), (Insb tuL Men eux, Lyon). 
R E SULTS 
Cell S uspensions 
Using isolated epidermal cells, th e excellent penetration of 
immune sera gave an in te nse, specific la beling of tonofila ment 
bundles. In total keratinocyte suspensions of ma n and guinea 
p ig, 67 K-immune serum displayed specific staining proper t ies 
with regaTd to the cytoplasmic to nofila ments (Fig lA ). At high 
r esolu t ion, oth er la beled subcellular structm es could not be 
detected (Fig lB ). After contrasting, t he intracellula r s ites of 
la b eling were sh own to be t he network of tonofila ments. H ow-
ever , a sm all percen tage of cells frequently containing mela no-
som es was not la beled . The epidermal origin of th ese cells was 
unequivocally showed by t he presence of tonofilament bundles 
after poststa ining. 
In enriched basal keratinocyte suspensions of guinea p ig, t he 
basal cells were usually not la beled by 67 K-a nt iserum (Fig. l C, 
D ). The occasionally found posit ive keratinocytes did not mor-
ph ologically appear to belong to th e basal cell suspensions. This 
finding correspond to the fact t hat the basal cells suspensions 
con tained always a small percentage of mature keratinocytes 
(15%). In contrast to the elongated cells of the upper epiderm a l 
cell layers, the basal cells were rounded a nd contained less 
den sely arra nged tonofibrils . 
T issu es 
In situ labeling by the 67K polypept ide in normal epidermis 
confirmed that there ar e 2 types of keratinocytes which can be 
immunologically distinguished. Basal keratinocytes were u u-
ally unla beled (or at m ost fa intly ) by t he 67 K -a ntiserum . In 
con trast, t he suprabasal keratinocytes revealed a strongly pos-
itive keratin pattern (Fig 2A, B). At high magnification basal 
cells wit h perinuclear m ela nosomes a nd unla beled tonofibrils 
were observed in the vicini ty of supra basal cells with deeply 
stained tonofila ments (Fig 3A ). B oth t he tonofil a men ts insei·ted 
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Frc J. Keratinocyte suspensions. A , Indirect immunoperoxidase 
staining of basal and suprabasal cells obtained from guinea pig ear 
epidermis. The majori ty of the keratinocytes are 67 K-positive (redu ced 
from x 400). B, Ultrastructural aspect of 67 K-positive suprabasal 
keratinocytes. Differences of sta ining intensity according to the various 
stages of cell differentiation could be observed. Indirect immu noperox-
idase method (reduced from x 2,000). C, Enriched basal keratinocyte 
suspension from guinea pig eru· epidermis. 67 K-negative ep idermal 
cells are predominant. Indirect immunoperoxidase method (reduced 
from X GOO). D, Negative basal keratinocyte (reduced from x 3,600). 
into the desm osomes and the dense plaq ues were stained by 
t he 67 K-antibodies (Fig 3A ). T he desmosomal interspaces 
were always negative (Fig 3B). T he staining of some granular 
structures of the cytoplasm was probably due to transversely 
cut tonofilam en ts. Labeled nuclei or cytoplasmic organelles 
such as mi tochondTia were generally not seen. Int.erepithelial, 
nonepit helial cells such as m ela nocytes, lymphocytes, or mac-
rophages were always unlabeled. 
N onkeratinized oral mucosa of the buccal area displayed 
. m ore loosely arranged tonofilam ent bundles (Fig 4A). This 
pattern was consisten t with the less intense immunolabeling of 
t he filam ent network (Fig 4B, C). Labeled tonofilaments were 
frequently found adjacent to negative mitochondria or vesicles 
(Fig 4C) . Similar features for the desm osomal fibrils as for the 
epidermis were observed. In th e superficial cell layers, kerato-
hyalin granules could be detected in connection with tonofila-
ments. Both structures showed a dense staining pattern . In ter-




F IG 2. Normal human epidermis. A, Immunocytochemical staining 
of normal human skin with anti 67 K-polypeptide sera di l (1 / 150) 
Negative basal cell layer. Indirect immunoperoxidase method. Light 
microscopy (reduced from X 250). B, 67 K-positive (SBC) and negative 
(BC) keratinocytes in the lower part of the epidermis observed at the 
ul trastructural level (reduced from X 5,600). 
estingly the kerati.nocytes adjacent to lymp hocytes revealed a 
disturbed keratin pattern. There was an apparent disintegration 
of desmosomes with a concomitant loss of perpendicular ton-
ofilament orientation (Fig 4D). 
DISCUSSION 
In embedded tissue staining, the labeling was weaker and the 
depth of penetration of immune sera was usually limited to 
about 3 cell layers. The described epidermal-dermal separation 
permitted more satisfactory resu lts and was the method of 
choice. Since the dermis and basal lamina were removed, im-
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mune sera could penetrate the basal and suprabasal cells, thus 1 
enabling an analysis of antigenic determinants at these sites. 
The limitation of immune sera penetration could also be seen 
in oral mucosa. The specificity of t he immunocytochemical , 
staining was demonstrated by the abse nce of labeling of intlam- · 
matory mononuclear cells. Moreover, the extracellular spaces 
were always free of la bel. The absence of immunolabeling of 
tonofilament bundles in the controls represented a fur ther 
indication of the specificity of the reaction. 
The present study carried out an immunoelectronmicroscop-
ical analysis of the distribution of the 67,000 dalton keratin 
polypeptide in situ in human epidermal and mucosal cells and 1 
t issues. 
Recently, a different keratin pa ttern of the basal cells and 
the upper cells of the Malpighian layer was immunohistochem-
ically observed [7 ,8,13-15]. These results ar e confirmed by 
electron microscopy. There are apparently differen t antigenic 
determinants of the filamentous components of the epidermis 
throughout the course of epithelial different iation. Differences 
in tonofilament size between basal and suprabasal epidermal 
cells have already been reported [2,28]. Very recently Fuchs 
and Green [29) extracted keratins directly from sequential 
oblique sections of epidermis. In accordance with our own 
findings [7,13-15], their results demonstrate that cells of the 
inner layers of the epidermis contain small keratins (46-58 K) , 
whereas the cells of the outer layers conta in large kerat ins (63-
67 K) in addition to sma ll ones. 
The different keratin pattern have been shown to be present 
in the skin and oral mucosa [8]. M any electron microscopical 
studies have shown that the fibrillary network is very similar in 1 
skin and oral mucosa [30-32]. However, the tonofilaments of 
the mucosal keratinocytes appeared to be less densely arranged 
[33]. This observation is consis tent with the weaker staining 
intensity using 67 K-antibodies. 
There are antigenic relationships between tonofilaments and 
FIG 3. Normal human epidermis. A, Negative basal cell (BC) with 
perinuclear melanosomes (m) and unlabeled tonofLlaments adjacent to 
a suprabasal cell (SBC) Stained tonofi..Lament bundles (wTow) (re-
duced fTom X 10,000). B , High magnification of stained tonofibri ls and 
desmosomal dense plaque. Negative desmosomal interspace (arrow ) (reduced from X 20,000). 
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FIG 4. Normal human oral mucosa. A, Indirect immunoperoxidase 
m ethod showing a limited immune sera penetra tion (K : keratinocyte, 
asterish: unlabeled area). Negative lymphocyte (L Y) (reduced from 
x 4,000). B, Strongly labeled tonofilaments bundles (reduced from X 
20,000). C, Unlabeled mi tochondrial matrix in the vicinity of posit ive 
ton ofil aments ( arrow: mitochondrium ) (reduced from X 10,000). D, 
N egative lymphocyte adjacent to strongly posit ive tonofilaments of a 
ke ratinocyte (reduced from X 6,000). 
desmosomal plaques since both structm es were intensively 
labeled by 67 K-immune serum. The desmosomal interspace 
was a lways 67 K -nega tive which agrees with other ultrastruc-
tural and biochemical investigations which have demonstrated 
that tonofilaments do not cross the intercellular space [34]. 
U sing keratin ant isera a better understanding of the subcel-
lular phenomena during the keratinization process may be 
obta ined. 67 K-immune serum seems to be of pa1·ticular value 
in th e study of the dividing cell compar tment of the skin and 
oral mucosa. FUit her studies are in progress to analyze the 
quantitative or qualitative differences in 67 K -polypept ide pro-
duction in the basal and upper Malpighian cell layers. 
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